Modern surface science aims at elucidating the microscopic mechanisms of dynamic reaction phenomena [1] . Scanning tunneling microscopy (STM) has largely contributed to the development of the field by providing information at the atomic scale. For example, a recent study of the oxygen dissociation on the plane (111) of a platinum surface [2] has made visible the formation of adsorbate clusters called islands. Field ion microscopy (FIM) is an alternative method where samples are given in the form of small three-dimensional tips exposing a number of crystallographically different planes. The capability of the method to image dynamic reactive phenomena at nanoscale has been explored [3, 4, 5] . For example, reaction-diffusion fronts moving across the tip surface have been made visible thus providing information on the communication behavior of different planes. As compared to STM, the time resolution of the FIM method is only limited by the frequency of the video system (20 msec. here).
While the formation and dynamical behavior of islands appear as a sequence of processes which, in general, are difficult to explain on the basis of a phenomenological description, this type of system is well suited for modeling with Cellular Automata [6] , which are constructed with simple rules, and may thereby suggest basic mechanisms for complex reactive phenomena.
Here we report on FIM experiments showing the formation of small clusters of hydroxyl species from a co-adsorbed O ad /H ad layer on the (001) plane of a Pt tip surface during the reaction of nitric oxide (NO) with hydrogen gas, and, in order to gain insight into the basic mechanisms governing the fairly complex processes producing islands, we construct an automaton (or lattice Monte-Carlo model) with simple rules which offers a microscopic approach applicable to the experimental system studied by FIM.
The experimental studies were performed with a [001]-oriented Pt tip (metal purity 99.99 %) prepared by electrochemical methods. The sample was mounted in an all-metal ultra-high vacuum (UHV) field ion microscope (base pressure 10 −8 Pa) and cleaned using standard methods [4, 7] . Gases were used in either commercially available purity (NO: 99.5 %) or after further purification using adsorption methods (H 2 and Ne: better than 99.999 % each). Ne-field ion imaging prior to reaction experiments indicated a clean defect-free Pt tip. As described in [4] , the nearly hemispherical shape of the tip specimen is transformed into a pyramid during adsorption of NO gas or reaction with NO/H 2 gas mixtures, respectively. An essential feature of the pyramidal form is the appearance of large (111) oriented slopes and a (001) truncated top considerably increased in size as compared to the original state. proposed by Kreuzer and Wang [15] , an oxygen-covered Pt surface is expected to be imaged with considerable brightness when using molecular NO Figure 2 : Typical sequence of video field ion images demonstrating OH ad island formation during the catalytic reduction of NO by H 2 . Experimental conditions: T = 500 K, p H 2 = 4 × 10 −3 Pa, p N O = 3 × 10 −3 Pa, F= 8.5 V/nm. Micrographs are treated by software allowing to optimize contrast and brightness; circles are understood as a guide to the eye to approximate the location of the (001) plane. Snapshots taken over a total time interval of order of one sec. demonstrate islands displacement, collision and separation; the arrow points to an island that will dissolve at the layer edge while proceeding to (f).
gas. On the other hand, hydroxyl species formed by reaction of O ad with H ad , are thought to be imaged with less brightness than O ad , mainly because of the lower NO ionisation probability at slightly larger critical distances from the surface. The above arguments lead to the conclusion that OH ad species are formed during the NO/H 2 reaction. They appear as small clusters with low FIM brightness in the "defect" region of the (001) So far the microscopic mechanisms governing the dynamics of the experimentally observed phenomena described above have not been given a satisfactory explanation. A possible approach to the microscopic aspects of these surface reactive phenomena is provided by cellular automaton approaches [6] or lattice Monte-Carlo modeling [17] . Here we construct a cellular automaton [18] on a two-dimensional square lattice whose nodes can be occupied by vir-tual particles with exclusion principle (no more than one particle per node).
The particles are subject to probabilistic motion with displacements along the four lattice directions: at each time step each particle can hop to any of its four nearest neighboring sites. The exclusion principle precludes simultaneous displacements of all the particles in the automaton universe in one time step. Therefore a sequential updating is implemented: the propagation phase consists of a sequence of successive displacements (on the average one per particle) and the effective time step is defined as the sum of N automaton time steps, where N is the number of particles in the automaton universe.
Each particle can move to one of its neighboring sites, unless its destination site is occupied, in which case the particle does not move. The particles are subject to non-local two-body interactions, which are short-range attractive and long-range repulsive, and the amplitude and the range of the attractive well and of the repulsive wall can be tuned parametrically.
The justification of the automaton for the modeling of the surface phenomena observed in the experiments showing adsorbate islands, is as follows:
(i) the processes take place in two-dimensional space, the Pt surface, and the (001) top plane has square symmetry (bulk-truncate form); the automaton reproduces these conditions as well as the size of the top plane (30 sites across); (ii) the restriction of a single hydroxyl group per site is accounted for by the exclusion principle; (iii) an hydroxyl group can be identified as an automaton particle; (iv) the automaton has intrinsic fluctuations; (v) the particle dynamics depends on the interactions between OH groups (see caption of Fig.3 ) which are short-range attractive and long-range repulsive [19] .
In the "vacuum" a particle has equal probability to move to any of its four neighboring sites; in the presence of other particles, this probability is biased according to the occupation of the sites within some neighborhood around the particle. The neighborhood is defined as the lattice domain surrounding an occupied site and containing all sites within interaction range. The bias is such that the sum of the probabilities at each site is conserved (= 1) so that a positive (negative) interaction along one channel induces a repulsive (attractive) interaction along the other channels, and the propagation direction is drawn according to the probabilities evaluated, for the different channels, from the occupation of the lattice sites in the neighborhood.
The updating of the asynchronous automaton at each effective time step consists of a sequential series of operations. (i) An occupied site is chosen randomly; the probability that the particle be displaced to one of its four neighboring sites is initially set to .25 for each channel. (ii) The sites located within the neighborhood of the chosen particle are tested for the presence of particles, and the displacement probabilities are adjusted according to the position and distance of the particles within interaction range. (iii) In order to preserve the stochastic nature of the procedure, a random number is drawn between 0 and 1 and compared to the cumulated values of the probabilities of the successive channels; the channel for which the cumulated value exceeds the random number, is selected. (iv) The particle is displaced by one lattice unit along the selected channel, unless the destination site is occupied. (v) If so, the particle does not move, and the propagation probability is transfered to the target particle which memorizes one "collisional unit" in the corresponding channel for later updating; the initial probability for displacement (.25) is then biased accordingly. This step in the algorithm acts as a process with momentum transfer memory.
The boundary conditions of the automaton universe should be such that they correspond to the physical situation where hydrogen invades the Pt (001) surface from the adjacent planes, and particular properties must be assigned to the border nodes: a particle located on a site within a given distance of a border node is subject to a repulsive force which favors the particle displacement along the channels pointing inwards the system. This affects 
